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BiETA-Ai^LOlb TO^CITY 

■ FIELD OF THE INVENTION ; . ' 
The present invention is in the field of medicine and molecular biology . In 
particular, the invention provides bansgenic non-h^ 
5 reporter gene is induced by a toxic trai^ 

compositions for m v/vo visualization of the to>dcity associated withi to In 
addition, the present inveri^^ methods and compositions for the production and 

use of transgenic nori-Hu^^ 

toxicity. '. • .': \. :: V : -..'; ,U- :•' ■"■y;^" \ •-. ; ,.-/ " ;i >' ;,; •\. : V: : ' : ■'Vv-.''^ .■<:;•:..;:■ 

BACKGROUND OF THE INVENTION 
Investigation of the molecular mech 
• many pathologies are caused by expression of p^^ 
deleterious to the cells where they are 
15 disease, prion diseases^ Huntington's dis 

these diseases are thought to result from aberrant folding of proteins, which results in the 
, accumuiati on of toxic proteins ; or protein i^itgates /v : 

; Alzheimer!s disease is assdciated vvi the maj ority of xiemehtia caises in the United 
States, with an estimated 2 mill ion people afflicted with the disease; and a mortality rate of 
20 approximately 100,000 peop^ year R; W.P . Cutler, "Degenerative a^Ld^ Hereditary 
Diseases," w Medicine^ Scientific Americ^, New Yoi^ (1 988), pages 1 1 (I V); 1 8l 3 ; and 

htffsing:home care-alone o 
; Heckler (1985) Am>Psychol.4QA 
25 (CDC); mortal ity due ltd; Al&dmetf s disease; ifi the United ;!S j 0-fold 

between 1979 ahd^^l^ 

Alzheimer^s is up tenfold- sinc^ News 18:21). 

i Patients suffering from 
deficit, progressive decline in cognitive functions, anxiety, depression, visuospatial and 
30 speech deficits, delusions, persbnklity changes, motor skill deterioration, loss of verbal 
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ability^ ; - 

disoriented, requiring^to 

three ye^s to over 20 ye^s before death occurs. HbWever; in typical cases* it progresses at 
: afaM^ 

5 ; Alzhdmer's dis 

re^gnized causes of dementia. As some caus<^ oj^ 

differential diagnosis of patients sufftii^ d^ at 
least 20^ ; oildinic£ily d 

other than: Al^eimer's diseasei the i^ation^ Ihstittrte o M<i Communicative 

10 Disorders and Stroke (NINCDSJahd Alzheimer's Dise^e and Related Disorders 

Association (ADRDA) refined the clinical diagnostic criteria for Alzheimer 1 ^ 

M.A. Jehike, "Psychiatry," in Medicine, Scie^ York, [1991], pagfes 13 

(V): l-5) r Based on these criteria, the diagnosis of Ai^eimei^s disease may be ^defiiiite" 

t* ^* requiring examinadbh have; deficits in two or 

15 : V ofdisease v progressive wbrsem^ 

other cognitive toctions, and riorm^ (/.<?., patents 

•. meet the criteria for probably exhibit variation in the disease 

course or have a systemic illn^s that is sufficient to cause dementi^ hut i^ 
■ to be the cause of the dementia). ■ v. . . .. 

20 The riiimerbus y^ often 

make ^ diagnosis problem^tic. Thus, the NINdDS/ADRD very detailed^ and 

: necessitate the thorough examinati patients with s^ Alzheimer's disease. 

Currently, the only way to obtain a defimte diagnosis is by post-morteni histological 

examination of brain tissue for the p^sehc^ of seni^ plaques^: ^^^^ 
25. /%ehistpp 

plaques, heurofibriilaiyd 

; primary p^ p 

30 
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as components of senile plaques; including The 
major component of the neurofibrillary tangles is an abnomially ptiosphorylated 
micrptubule-associated protein referred to as "tati." The P-^yloid protein in senile 
plaques is a ^mall glycoprotem 

5 amyloid precursor protein); that has been detected m tissues (e.g., skirij 

subcutaneous tissue, and intestines) and blood vessels - of disease patients (See, 

Cutler^ supra). Deposits of amy ^ to bind specific dyes, 

such as Gongo rcd or thiofiavin S; Thus, it has been further hypothesize o f 

this protein m^ 

10 from; dementia; v:-^: ■■\\; : .:^:=-v.- 

development of the disease. For example; the histopathologic lesions of Alzheimer's 
diseaselhaVe been reg 

syndrome (See, Cutler, supra). It is kn6\^ that the (Jramy loid , gene resides ori , 
15 chromosome 21 . As DowrVsipatiein .. ; 

increase expression of tl^ 

; increase expression of the- (^amyloid geri^ may regulate the formation of amyloid plaques 
("senile plaques' 1 ) in these patients. In addition, four loci were recently identified as 
playing a role in the genetic susceptibility and 
20 Haines (1995) Trends Gehei. 11:50 

Other potential risk factors for the development of Al^e imer!s d isease include ; 
environmental fa^ 

sociological factors (e.g., depression 
increasing age ^d hyperthyroW 
25 syndrome, or Paricim 
despite reci^ 
• . liargely uhlmowri. '-^^ ;v : ..',: 
In addition td the problem 
improvements 

30 ability to treat the tognit^ For example, 

• .. : . " / ' . : .. ' -3- ■ ; 
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various cholinergic enhancers (e.g., choline and lecithin) have been tested; Unfortunately, 

cholinergic precursors have been shown to be not useful, although some drugs that 

stimulate cholinergic transmission may be helpful in some patientSv One example is 

physpstigmine, a compound tHat prev^ 
5 ; ; How^ the overall cHnical efl^tpf this d^ 

; ;(^ v 

p^es 13 (y):l-5). ; \ , 
Other dnigSj such a^ 

anti-choliheste^^ a large n^ti^Cehter trial of TH^ li^eir enzyme 

10 abndrinaiities were reported and the preliminary results; ind^^ ; 

dosages, TllA is riot an effective t^ . 

Ergoloid mesylates (Hydergin^ v 

commonly prescribed dmg for patients w Alzheimer's disease. However- thei overall 
effects of the drug are at best minimal. 
15 The mechanisms; of toxidty: due to ac^ 

:.' subject of much investigation, and no definitive causes of toxicity have yet been 
J : established; (See, Benzi and Morett^ 

Because of this uncertainty, efforts to develop mechahismrbased treating 
not been possible. Compounds presently m disease only serve to ;: 

20 alleviate ^ 

In prd^; to study disease mechanisms andigenetifebaseE ph^omenaii: animals in 
which £i foreign gene has been inserted haye i>een described • 
International Patent Application;^ 
fisji^ 
25 ; ^ 

: Appiicatto 

Patent Eublication EP 653 154. Typically th^ riiice 6r other 

maitmlals; however, p^amyl^ in the nematode 

Caeridrtiabditis elegahs (Link (1995) Prdc. Natl Acad Set 92: 93M), The use; of C. 
30 elegafts for inyestigkionpf m 
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cause ne^ 
maitiitii^iM 
mammals less desirable 

the difficulty in staying the molecu sacrificing the animal 

5 for cell arid tissue analyisis. 

Reporter- genes are genes that encode proteins or other compounds that can be 
detected by a variety of methods, and which "report" the occurrence of successful 
introduction and expression of gene sequences. P-galactosidase and luciferase are 
examples of such reporter genes. Recently, the gene for green fluorescent protein (GFP) of 

10 the jellyfish Aequorea victoria has been described in U.S. Patent No. 5,491,084. This gene 
can provide a method for indicating expression of a gene via fluorescent detection of GFP. 
; The drawback to using GFP in mammalian systems is as described above, that is, the need 
to sacrifice the mammal in order to analyze the cells and tissues of interest. This drawback 
is especially severe in the context of large-scale screening of potential therapeutic 

15 compounds, and U.S. Patent No. 5,491,084 does not describe a system suitable for high- 
throughput screening of pharmaceuticals for activity against toxic proteins expressed in 
cells. 

Thus, methods and animal systems are needed to screen drugs quickly and 
inexpensively for their effects on proteins and other substances associated with 
20 Alzheimer's disease. Convenient methods and animal systems for screem for 
other neurodegenerative diseases, such as prion diseases, Huntington's disease, and 
amyotrophic lateral sclerosis, are also desirable. 

SUMMARYOFTHE INVENTION 
25 The present invention provides methods arid compositions useful for the production 

and use of dually transgenic aiiinials In addition; in 

one embodiment, the present 

gerie inducible by a toxic transgerie ; • In la- preferred eriibodiment, the toxic transgene 
encodes P-peptide. Although it is riot intended that the present inyentiori be limited to any 
: 30 particular reporter, in a prefe^ fluorescence 
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protein (QFP). It is contemplated that; the effects or product of the reporter gene be 
observable (i.e., the reporter gehe is expressed); For example, in embodiments in which 
GFP is the reporter, its presence is detected using fluorescence microscopy. In addition, in 
these embodiments, the anini^s do 
5 expression of the reporter 
ilf other reporters; a^ 

expression may be d&^ the ; 

;gene(i<?;^^^ 
H<wever>;tM 
10 . expression of the reporter gene; 

In ohieaJtdiiarte embodiment^ 
a heterologous marker gene^ 
700^. In |he 

15 the expression of the abnoiinal collagen gene. In contrast* wild-type animals exhibit 
; normal Locomotion and do not exhibit this rolling behavior, as their collagen is normal. 

In an alternative embodiment^ the first transgene of the dually transgenic non- 
human animal comprises pCL25 In another alternative embodiment, the second transgene 
of the dually transgenic non-human anima.1 comprises pGL 12. In one alternate ] 
20 embodiment, the genome of the trar^ animal further contains a heterblbgous marker 
gene. In a preferred embodiment, the marker geri^ 
:ih; which 

: living animals for the rolling 
: ; ; : ;■ col Jag^ gene; ; In cont^ 
25 -j ; e?chibit:|WsT^ 

Nefnatoda. Although it is not intended thati^ 

: be limited to any specific animal, in a particularly preferred embodiment, the tr^sp^eht 
m\m&\sCaehofto 
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Irimalterri^ 
resulting from the accum 

embodifrientj the genome of th^ ^imal comprises SEQ ID NO:5 i^d SEQ ID 

. . NO:8. 

5 The present iriventioh also provides methods for producing dually tr^sgeriic non- 

human animal comprising: providing^^^ a first 

transgerie comprising P-peptide; ^d a second trarisgene, comprising a reporter; 
introducing the first fr^ product a 

first transgenic animal- and introducing the s^ond transgene into the 
10 second ndn-htunari animal ^o produce a second transgenic ariiirial - and mating Ae first 
trans 

wherein the p-peptide and the reporter are expressed. 

In one; embodiimei^ 
non-human animal;^ 

15 nematode, while in a paiticul^ly- prefers is •'(Sq^hdrhctb'duU ■ 

elegans. "\/; ' : J?{:>>/i ; y\ ■ ' ' '" ./■."■ 

In an alternative emfro^ first transgerie of the duMly transgenic nori- 

, human animal coirripri^^^ In another alternative embodim^^ 

of the dually transgenic non-htun^ animal p(3L12: In one alternate 

20 ; ; embodiment, the genome of the transp^ent 

gene. In a preferred embodiment, the marker gene is rol-6(su^l006)\ In the embodiments - ; 
in which rol-6(su-10Q6) , expression of the marker gene is accomplished by observing the ; 
Jiving; animals .fbi?; the rolling behavior th^ 
: collagen gene. Itf 
25^ e^ 

Theipresehtj invention :also 
effects, comprising: pro^ 
transgene and a reporter; a composi 

administration such that the thexells of the animal; and 

30 administering the test compound to the non-hum The toxic transgene induces 
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expression of the reporter gene. In a preferred embodiment, the toxic transgene is |J- 
peptide and the reporter gene is GFP. In one embodiment, the method ^ 
the step of measuring a reduction or increase in the expression of the reporter by the dually 
transgenic non-human animal and:^ thei^eutic; In a 

5 particularly 

expressed by the dually transgenic animal; : 
In one embodiment of the metho^^ 
the dually transgenic nc^human ^m 

transparent animal is a nematode, while in a particularly pr^ emlx)dimehty the^^to 
10 isCaenprhabditis^ 
transgenic 

second transgene Of the di^ly trrnisgenic non-human animal comprises pGL 12. In one 
alternate embodiment, the genome o contains a 

heterologous marker gene. In a preferred prnl^ is rol-6(su- 1006), 

15 which produces effects described lierein. 

In one alternative embodiment^ one or more test compounds ^e tested for their 
ability to counter the toxic effects of transgene product It is also confempiated that the test 
compounds will be tested for their ability to prevent the expression of the toxic transgene, : 
; :: for example, P-peptide. 

20 ;'; In alternative embodiments, dually transgenic ^irhals in which; the expression of, 

or effects of transgene toxicity reduced or eliminaM by the test compounds, are 
mated.; ^e progeny of 

oh the expression i; 
ih^se matirigs are used 

25 compounds . v ;;: ^ • ■'.'■}. 

In yet another alternative embodiment- M of the present 

invention are used to identify methods siutoblei for tSe di^nos^c testing ^^o 
disease or pathology due tb other diseases. Thus, the dually transgenic animals of the 
present iriventi^^ to develop assays suitable^^M use-in h^ 

30 ; • • of Aizheimer f s disease. ■ ' 
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Figure l is a diagraii^ 
expressing (5-axnyloid peptide;^ 
5 Figure 2 shows the'DN^ and restriction map for pCL 12; 

■ ■ :. Figure'" 3 is a graphic map of pGL 1 2 . • :; ; : . 

^: ; ■ 

:: Nd;7)ofpCBl *h<* £-( 1^2) hu6Mb ; aey arid 

^irio acid sequence). 
10 Figure 5 show 



Figure 6 is a graphic map of pGFP-TT. 
Figure 

^: F is a graphic map of pCL25. 

15 ; ; ■ : ; Figure^ 

Figure 1 6 shows the amino acid sequence (SEQ ID NO:l 1) of rdl-6. 



20; The present invention provides methods and c 

and use of transgenic animals;. The methods: and transgenic am^^ 
: provide an efficient Mc} : :dfifective system for screening drug effective in amelbriatihg the : 
effects of toxic gene products. ■'. 

The practice of the present inventi 
25 conventional techniques of m^^ 
DNA, whicfr 

■ ! lyfOLEGULAR C I^bBi^TORY M ANO Al, 2rid edition (1989); current : - ; : i ■ 

PROTOCOLS IN MOLECULAR ^ 
METHODS IN 
30 McPhersph, B.15/H 
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Freshney. Ed., 1987); and ANTIBODIES 

1 987). ■ • . . ■ -u^^ : • 

Animals 

5 The methods and systems described herein can be practiced w any non-human 

animal. In a prefere^ at least part of its 

life cycled/for example, 60(^^(^nopUs or othere);; lah^ae; pupae; fish (zebrafish or 
others);: and rieinato^ 

is transparent throughout its life and has been extensively studied as a model to determine 
10 development^^ expression, as well 2us patted fohnatibn. The visibility of 

all of the animals - cells throughout thdr life cycles, lias led to the complete determination 
of the cell lineages, and^ a 
: during C^ele^ans development. Rapid me^ DNA into the 

G e/ega«5 germ line hai provided means to study molecular function and expression /« 
15 vivo, as the effects of the gene expression are usually Readily visible in the transparent 
■ worms.. .v.;.''..:".-;;";- J. .;" , 

Reporter Molecules 

The me Aods and compositions bf the present invention m^e use of rep^ 
20 to monitor gene activity Visible^ are known and described 

in the art. Successfully used reporter rndlecules in gene fusion vectors in studies witll C 
; e/eg^:; include 
: 1 9§)|^d:^ 

25 Accession #M02654), which produp^ fluor^s^rit protein; Although 

vmous fusion exp^ 
; have been encountered ^ 

withi/acZ, there Kavete 

egression patterns w 
30 . pbssible. ; Ectopic expra^ 

■ ; :■' " . ' ■' , .. ■ -10- - \ r - ' 
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most prominently in the/gut;^ may be due to weak 

promoter ^d/6rien^ • 
fusions have been classified into ttoee groups. In the first, trar^genes are expressed in the 
correct tte^ 
5 during the detection m^ 

V transgenes. in the second group, expressi single tissue or ceil populate is not seen 
with the transge fusion constructs to 

show expression in tte^ in any eitibiyon^^ 

Wbt gfp fusion vectors were developed as ^ 
10 have been available for a much shorter time {Seee\ g. , Chalfie et al. ; ( 1994), supra; \3S. 
Patent No. 5,491 ,084); Initial reports indicate that the fluore 
more restricted than that exhibited by equivalent /acZ fus ion. ; Iii ^ditiph, theit^^ ^ still/ 
problems associated with the germline expression of ^ expression 
Indeed, in; some eases; the problems with ectopic expression; have been exacerb 
. 15 '. • these 11 improvements. " . 
■ ; ;;: I^e pre^ 
tr^pafent animals and d^ 

stably expressed systems in which the toxic trari^gerie and rej^rter gene are expressed 
similarly to endogenous chron^som expression -TO 
20 excellent system for screenings 

present invention, therefore, pro model systems for the study of human diseases and 
methods of identifying therapeutic compounds using 

Inducible promoters 

25 : As discussed above, the reporter genes are opei^bly iii^ed to ah inducible 

; : promoter. The promoter is induced ^ 

: product of the to xic tr^gene. ;It is aj so cbntempiatesid that the^ toxic : tr^sge^ can act to 
; induce thb promoter indirectly, for exampleby disrupting: other cellular proteins^^p 
functions. Sm 

30 those skilled; in the art. Nqivlimitihg (examples : of promoters which are 
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"stresses" include the metalloW^ e.g., Genbank 

•Accession^ 

precursor protein (APP) h6mol6g a^ (See e.g., Daigle and Li, Proc. Natl. 

A^^ Qtherp^^^ include those from other 

5 inducible heat-shock gehes^ 

heat-inducible. It is also contem^ be up- 

regulated under sfre^ 
glutathione 

In one embodiment, as described in the Examples below, a strong muscle-specific 
10 promoter was used to express a p^ so asi to 

generate sigmfic 

mimic the situation tlmt may exist in the ^ brain, and allow observations of cell- 
external neurotoxicity . The present inventor has also demonstrated that the promoter must 
be chosen so Aat enough p-peptide is produced to cause physiologic^ so 
15 much to kill the animals. 

Theunc-54/$^l-42) minigene was consfected with a modifi^ signal sequence 
• : that has b^en previously shown to allow secretion of a her- i protein product that is 
. ectopic^ly expressed in muscle cells (M.D. Perry et a/., (1993) Genes ;7:2 16-228). 
The development of C elegans transgenic for expression of P-amyloid was previously 
20 'described by 

However, in early experiments, it was not 
v- ' : ": convincingly detect^ outside with the antibodies 

described in Example 4, below; ; ^ile an the 'mechanism is hot 

necessaiy for the practice p : 
i5 peptide expressed by the ^ muscle cells and is 

responsible for the pathology obseir^ in the muscle cells. 

ItisaJ^c^ 
through utili^tibno 
■ expressing |^ 
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as drugs for their effect on p-peptide, as these cells readily take up exogenous compounds 
administered orally. 

. . Transgenes 

5 The transgene element of & be any s^uence which is 

to induce the prbriioter bperably Hiikdd to^ tfie reporter gene; As rioted, the trahsjgene is 

way- Preferably; the 

transgene encodes a protein that the host cells and/or organism in that it caus^ 

deleterious effects; to the host, for instance inteifering w survive 
10 and/or grow. The toxic tr^gra 

,i (e.g. i the gene product is toxic) or indirectly (e g , the sequence of the transgene disruptis ■ : 
cellul^ function by some m^ 

distinguishable from s met^sjand the like) by 

I antigeriicity a^ 
: :': : 1:5:::: ■ ; . ; : ; ;In one:; embpffi 

; amy lbidib protein, i ; 

variaritsi; gel soiinj/y like: i I h another 

embodiment, the tr^ -Hix: 
tiriplet^rei^ : 
20 Huntington ' s Chorea); ataxin- 1 or ataxin-2. Alternatively, proteins associated with ^ 
: ii^erent amyelotopic late^ for example; superoxide dismutase^ f 

and over-expressed neurofilament p^^ It will be 

tr^sgerie can ^ 

Transgenic Animals 

" : In one asp 

In one embodiment, the deyelopmeri ainimals involves the 

production:^ 

30 CL2005 ^d ; ; 
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p-amyloid has be^ humans. Line 

CjC^ of human p peptide, while line CL2070 

exWbited stress-inducible expression of GF GFP was incorporated into the present 
invention as it provides a marker , "reporter") that is readily visible in living worms. 
Thus, dudly tfah^ 

appropriate conditions for observation (/^^ , fluores cence microscopy), exhibit green 
■■: fluorescence in the;se-c«lls.; ^^^^^^^;^^^^^ : v /^^ : . 

which the presence of 

■provides ah easily detect p-peptide in dually ; : 

transgenic animals . This ?ase of detection provides great advantages for the development 
of methods to analyze the effects of p-amyloid in vivo. In addition, because the dually 
transgenic animals are not killed in order to detect the presence of p-amyloid, as would be 
required if other reporter (eg , tocZ or luciferase) were used, Ae animals may be useful 
for screening compounds for their effecte^ on P-amyloid in an in vivo situation. Thus, the 
use of an reporter which is detect i/rv/vo provides significant advantages over 
currently available methods. 

Other Ad vantages of Transgenic C. elegans 

The present invention also includes methods of screening compounds for their 
ability to prevent^ p the toxic transgeiie; In these drug screening 

embodiments, ; the nieffi^ 
; ; • therapies For examp le,; in assay s to develop cpmpoiuidis to block the expression^ 
j^yloidprc 

muscle-specific P-peptide express woi^d be observe 
assays whi^ 

of P-peptide,jthe aniril^ green. It is easy to visually screen and 

gilbw, and then use them to detail the ihteraction between the compound and the toxic 



SUBSTITUTE SHEET (RULE 26) 



WO 98/28971 



PCT/US97/23819 



transgene. The present invention provides a fast and efficient screening system, for 
• example by using commercially available equipment for assay irig mul^ compounds at 

Thus, the transgenic animals of the present invention expressing a detectable 
5 reporter gene triggered by a toxic transgene provide animal models for human diseases. 
Fdr instance, a reporter gene 

aniniaJ model for h It; is also not ihteridbdi ; that the; present 

invention be limited to animals exptoessi^ It is 

contemplaited that expression of 6^ 
10 Alzheimer's or bther diseases would als6 find use in cdrij iinctii^h witli GFF^ in £. elegatis as 
i vyelL : For example; it is contem^ 
proteihs) supfr 

(1996) SWe^^^ used in conjunction with GFiP an^ 

m dually transgenic C ^/egaw; Other toxic proteins which pro^ 
15 other human diseases are described; herein; 

v-vThese transgenic animals also provide a^m^ 
ability to decrease or eliminate the toxicity; Exam 
•usihg &e transgenic anim 

20 dihydrqepiandrbsterbne^^ 
: commercially available f^ 
toxic Activity ;^e adminis^ 

generated using the, methods described in the ; Examples, belo^ 
the treatment group, and the presence or absence of reporter gene used as a me^ure df 
25 efficacy. V : 

The compounds teihg tested can be administered using any suitable route , 
oral, parenteral, controlled-release trahsderm^ methods, arid im^^ In one 

preferred route, the compounds to be tested are suspended in the grpWth media proyideid to 
: the wpirris. Generally ^ 
30 t% compound^ 
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cohcen^tioh needed to achieve a tKerapeuti effect; and the like. Following initial 
screening, a compound that appeare promising (/.e. , which increases the number of worms 
which display re^ various 
concentrations of the cpmpbund to additional tian^gem ill order to determine ah 

5 approximate therapeutic dosing 

Another screening method involves the crbssing o^fe tr^genic wonm p 
present invention with cither tra^|e^^ 

; in th^ 

being gaug^ei^^ the; presehc^absence of the reporter It is 

10 also contemplated that the methods of the present invention be modified so as to provide 
means to analyze disiease-related proteins Beiiew^ have: dominant toxic effects, by 
substituting appropriate sequences^ fo p-pisptide sequences used ks describe 
Examples: For example, proteins such as tr^ 

familial amyloid pbly^ 77--180; 
15 . Genbank Accession #D00096), and variant superoxide dismutase (known to be associated 
with familial amyotrophic lateral sclerosis [Lou Gehrig's disease]), prion proteins, A4 

; V Jimyto - : 

Patent No. 5,^^^ 

(1988) A^^re 331:530-532; SSta EP Appln. 941 17512J;Scott^ 
20 : Wadsworth e/ a/., W0 93 14200; Ge^^ : 
9302 189- all of which 2^ ; 
(e. g. , variant lysozymes and amy lin peptide), a^ 

degeneration (5ee e g. , U.S; Patent No. 5;l % methods of the 

present invention ^ encodingthe 
25 protein of interest for the p-peptide described 1 It is also contemplated to 

aniraLals transgenic fp^ Mother protein, 

: such as transthy^ • 
analyze the effects of nuriierdius genes and proteins in vivo . 

Furthermore, thdtransgente^ invention provide distinct 

30 advantages oyer other transgenic Mimeds curre such as 
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'. Alzheimer's disease; Due to the short gestation period of G e/egaw^ tMsgenic animals 
can be prbduced much more rapidly than when mammals, such as mice are used. For 
example, transgenic nii^ 

did not show learning and memory impairment until they vyere 9- 1 0 months of age (Hsiao 
5 et aL, Science;; 27^:99^ 

invention express P-peptide suid^m 
embryonic stages: 

In addition ^because the transgenic animals ^easy : to select on the presence 
of the green fluorescence, invasive p^^^ necessary to analyze the 

10 effects of the toxic transgene in other animus (e g ; m 

; Finally, the apparent toxicity of (3-peptide in was fouhcl to be 

temperature-dependent. Transgenic animals maintained at 25. S^G were^ 
sick than those maintained at 1 6°C. The animals maintained at the ilnghe 
became; paralyzed more quickly^ faii&.tai^ 

15 and many died before reaching adulthood. Howey 

: of these temperatures. The CL2665 parental line was tempera as 
it w^ not possible to propagate : 
parental line, 25.^ 

hsp/GFiP response was similarly temperature-dependent 
20 when the dual t^^ was dramatic 

•• when; the anima 

: iuhes;e teimperature:; dependency observations ; were exploited by the propagate 
animals at 16 °C, and then upshifting^ 

This effect also ih^ potentiate ■ 
25 pre^incubated in the presence of 

the upsW^ tpinperati^ 
... of the drxig was in place, prior : to the strong indiicti^ 

these assays may be cdmpl eted within one day and are suitable for rapid method^ (e.g., the 

useiof a micro titer format and a plate fluorimjeter), so that literally thbiis^ds of cdmpo 
30 may be tested simultaneously. 
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In sum, the present invent ion provides ^^m^ and compositions iiseful as ;animal 
models, for disease, as well as providing methods and compositions for disease therapy and 
prevention. The animal testing may be sup 

sutyec^^H^ invention allow the testing of a 

5 large timber of compo 

To facUit^e; undere defined below. 

10 insects (e:g:, Diptera) • fisri , zebrafish), non-human primates, oviries, boviiies, 

ruminants, lagomorphs, porcines, the non- 

human animal can be used at any stage in its development, for example oocyte, fetal, 
larval, pupal stages or the like, Prefen*^ non-human animals are those that are 
transparent, such as certain nematddesi oocytes, larvae aiid fish. Y 

15 ; i As used h^^ used in references to Animals through 

Which light will be transmitted. However, it is not intended that the amount of light • 
t^mittance belimitedto any particular amount. For example; an animal is t^sparent "V 
sq long as at least some h^ Non-limiting examples 

Vpf transparent emimate animals (^g., flies) and oocytes (e.g., 

20 : ^popuy oocytes). Particularly preferred non-hum are selected from the 

nematodes (/.e;, any a^mal in ^ 
. elegans. However, it is contemplated;^ as zebrafish will 

be useful in the present invention.; For example, transgenic zebrafish have been produced 

25 The "non-human animus having a geneticdly ehgineered gendtype" of the : 

invention are prefer^ v 
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intervention, such as by the methods desra^ which a DN A 

molecule becomes stably inco 

integration." Non-human animals which contain a trahsgerie are referred to as "transgenic 
non-hum?|n ahinials". A transgenic aiiiinal is: & animal whose genome hais been altered by 
5 the introduction of 6 

The term "transgene " as used herein refers to a foreign gene that is placed into an 
organism by introducing the foreign gene into gonadal cells, embry 6nic cellsi newly 
fertilized eggs, or early embiyos; The teirm " fo^ 

gene sequence) which is introduced into the genome of an^^ a^ : 
10 manipulations and may include gene sequenc 
; introduced gene contains sb^ 

preferred foreign; gene is the P-amyloid gene (eig;, ^peptide); or fragments thereof. A 

"toxic transgene" refers to a foreign gene 

For example; the toxic transgene may produce 
15 to the cell or organism^ A 

act-as a DNA binding site wift^ producing a protein. 

As used herein, the term "toxicity" refers to the production of toxic effects by any 

compound or substanpe. Forexample; Avhileijit is not nec 

use of the present invention, P-peptide toxicity may arise due to the accumulation of P- 
20 peptide molecules. There are numerous manifestations of toxicity that may occur . For 

example, the toxicity associated with P-peptide m^ be manifested as negative efe 

muscle cells of dually transgenic animals. 

Thp, terms ; "p^mpter element; " " as used herein, 

refer to a DNA sequence that is -located at the 5^ 
25 • jxily mer and provides a site for initiation of the i tr^scription of the gene into mRN A; Ah ■ 

"inducible promoter" is a promoter that i \yithin the cell, fo 

instance binding of a transcription fa^ or the like. 

Theterm'^ 

other compounds tha^ 

30 occurrence of successful introduction: and such as transgenes. 
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Non-liihitihg examples of reporter genes include antibiotic resistance genes^ genes 
encoding enzymes and genes encoding otheir detectable proteins . Expression of the 
reporter gene is detected using methods known in the art: In a preferred embodiment, the 
reporter gene is a GFP^ 
5 system may; be In 

: particularly preferred embbdinients v ^ or protein which may be 

present orexpressedw 

anirM ;;in pres ence of ^e reporter; Thie ty pe of the reporter gene system 

used is not critical to Me invention, arid it is contemplated^ t^ ; 
10 w 

:-;As used herein, the ten^ arid "dually ti^geriicV refer tbiani^i-r 

or cells in which mo^ 
used in reference to cell^^ 

encoding a re^ it is not intended that the number of transg 

15 in the dually transgenic animals of the present invention be limited to two. For example, 
the transgenic animals may also contain another one or more marker genes (e.g., rol-6 - 
sequences), in addition to (3-peptide and reporter sequences. In the embodiments in which : 
j rol-6(su^ 

animals for the rolling behavior that results due to the expression; of the abnormal col lageri 
20 : ; gene. In contrast, wM^ normal locomotion and do not exhibit this 

rolling behayibry as their cbll^ 

The trari^ ; 

introduction of th6 tarjgeting vectors into ^ Ls . Tra^gen^s can be efficiently ";r"l 

iritroduc^ into the celk • : 

25 including electroporation, caelum phosphate 6o-pfecipii^ protoplast or sphe^ I - : 

preferred embodiment, the transgenes are injected into gpriads of C. elegans as described 
by Mello ^ 
30 transgenic animals corit^riirig ^ 

" ' ■;■ • ;: . ..- i . • : - - ■' 7 ' " . : ' " -20- ■ ■ ' ■ ■ :V : ■■ : : . v. ■ O V .■' 
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embryonal cells at various developmental sta^^ 

the production of transgenic animals. Diffe^ methods ^e used depending 
of development of the Embryonal c^lL 

A wide variety of labels and conj ugation tecll^ in 
5 the art arid can be used m 

producing labeled hybridizatidri;orP 
; oligolabeling, nick translation, ai^ 
nucleotide. Suitable report 
fluorescent, chemilumihescieri 
10 inhibitors, nlagnetic paiticie^ Tlie term may alsd used in reference to 

proteins. For example, a variety of protocols ^ 
antibodies specific for the P-peptide protem 

Examples). These antibodies can be used -^ markers for the expression of proteins . 
Examples include en^n^^ 
.15 (RIA) and fluorescent activated cell sorting 

llle term "gene'Virefers to^;a 
necessary for the production of a polypeptide or precursor. In some instances, a gene can 
also include control sequences: ^ 
sequence or by any portion of the coding se^ 
20 = activity is retained. : • 
OFheitem 

deemed desirable for any reaspri, by one of ordinary skill in the art: 
i The term "wild-type " refers tq- k g^e or gene product which 
of that gene or gene product when isolated natxially occurring sowc^ A wild^-type 
25 gene is that which is most tequently bbiserved in a population arid is thus kbitrarily 

designed the ''nontiar' qr"wild^ype^ or •' 

M mut£mt" refers to a gene or gene prbdu^ 
functional properties (/Ve. , dtere^ 
; gene product. It is ^ be isolated; these; are 
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identified by the fact that they have altered ch^cteristics when comp^ to the wild-type 
gene or gene product. 

The terms "targeting vector" or "targeting construct" refer to oligonucleotide 
sequences comprising a gene of interest flanked on either side by regulatory : sequences. 
5 Preferably, the targeting vector is capable of homologous rebombin^ion such ^ 
of interest is integrated by recombination. 
lAs used 

reference to; M segments) fr^ one 6eH to anbthter. 

The terins "expression vector" or "expression cassette" as use^ hereiil, refers to a : . ■■; 
10 recombinant DNA molecule containing a desired coding sequence arid appropriate nucleic : 
acid sequences necessary^ fo of the: operably linked cckiirig s^uerice iii a 

particular host organism^ ^ 

usually include a ^ binding site, bften along 

with other sequences. Eukaryotic cells are known to utilize promoters; enhancers, and 
15 ■ termination sind polyadenylation signals. 

The terms "in operable combination," "in operable order," and "operably linked" as 
used herein, refer to the linkage of nucleic acid sequences in such a manher that a nucleic 
acid molecule capable of directing the transcription of a given gene arid/or the synthesis of 
a desired jprbteiri molecule is produced. The term also refers to the linkage of amiiib acid ; , 
20 sequences in such ^ fractional protein is produced. 

The te^ 

is capable of selectively directing ex^ Similarly, the 

; use of a tissiue-specific pro ih tte method of ^ 

absolute specificity; In general; the ^ ; a pljiral it$ifa&, ; 

25 ;•: more preferably, a maj ority) of cells in one tissue typfc exp|re^^ 
■ virtua : lly all greater than 8Q%, ^d preferably 
greater than 95%),: bfthe oells in other: tissi^ 
pres ent in venti on, the strong muscle;^ 

As used herein the teim "portion" when^ ; reference to at gene: refers to fnaigmehts of 
30 that gene. The fragments may range in size from a few nucleotides to the entire gene 
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sequence minus one nucleotide. Thi^;, M an oligonucleotide comprising at least a portion of 
a gene" may cornprise fragments of ^ gene or the entire gene; V " 

Asu^^ 

or amino acid sequences • that are removed from their ^ isolated or 

5 separated v ahd are at least 60% free, preferably 75% free y arid most preferably 90% free 
from other cbmpbherits wth which they are naturally i^sociated^ "isolated 
pblynucleptide" is therefore a substahtially purified polynucleotide. : 

As: used herein- the te^ 
of K : B. Mullis disclosed in U.S^ 

10 which iare hereby inebriated ty^ for increasing the 

conc0htfation of a segment of i target sequence in a mixture of genomic DN A without 
blonihg or purified This process for amplifying the target se^ 
introducing a large excess of two oligonucleotide primers to the DN A mixture containing : 
the desired target sequence, ^ sequence of thermal cycling in the 

15: presence of a DNA polymei^e. The two primes are complemerita^ to respective 
strands of the double strauided target sequence. To effect amplificatibn, the mixture is 
denatured and the 

target molecule. Following annealing, the primers are extended with a polymerase so as to 
form a new piir of 

20 and polymerase extension ic^be -re ; :; 

/ extension constitute ;pii^ high ; ? 

concehtration of an amplified segirient 6^ 

^^plified segment of the desired target sequence is determined the relatti ve positions of 
the primers with respect^to is a Controllable 

25 parameter. By virtue of the repeating aspect of the process, the method is referred to as the 
"polymerase chain reaction" (hereinafter "PGR"). Because the desired! ^plified segments ; 
of the target sequence become ^ 
themiktii^ ' 
With-PC 

30 genomic DNA to a level detectable by s<^ (e.g., hybridization 



■;--; : vv.: : ■■ --V; : -23- 
SUBSTrrUTE SHEET (RULE 26) 



WO 98/28971 PGTAJS97/23819 

withal^eledip^ 

conjugate! detection; ^d/brinc^^ 

such as dGTP or d ATP, into the amplified segment). In additioato geiibrriic DN A, any 
oligonucleotide sequence be amplify appropriate set of primer molecules. In 

5 particular, the amplified segments created by the PCI^ process i themselves, 

used to obtain segments of DN A (e^, genes) for the comthiction of targeti^ 
■ transgehes, etc/^: . : • ;: .■■ 

; : : As used herein; the t^s "PCR refer toithe 

10 resiil^ 

annealing and extension are cbn$lete,: 1^ 

been amplificad or more segments of one or more target sequences. 

TTietenn ^ 

: spinal cord comprises white areas and grey areas. The grey area contains nerve cell bodies, 
1 3 whereas the white aresa is essential^ i s : 
also ^own as the enc^ that portion of the cerebr^ is contained r 

in the cavity of the cranium. The brain comprises th6 two cerebral hemispheres, the inter- 
brain, the mid-brain, the pons oblongata. The two 

hemispheres together with the parts derived from the thalamencephalon form the forebrain. 
20 The two cerebral hemispheres are separated by the^ ^ 

the bylyian fissure, the fissure of Rolando, ^d the pari The lobes on 

;the external surfaced 

Ipbe, and the temporal lobe. Placed along the middle lin? of the bran are, amqiig ptherei 
<M pedtocles-Of ^rpus^ 
?5 ; K M Mntal lote; olfactory lobe and the ; 

hemisphere of cerebeUum^^; : 
Tte tenns t0 • 

• ' :V ; ' nei^e cell b?dy ^ 
30 classified according to the n : 
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unipolar neurons have a single process^ bipolar neurons have one axon and one dendrite, 
whi le multipolar neurons (wh ich are the most common) comprise more than two processes . 
The term "neuron" comprises cholinergic neurons and sensory neurons. As used herein; 
the term n chol inergic neuron" means a neuron in the ^ System (CNS) and in 

the Peripheral 

herein, tri^ a neuron y/hich is respbrisive to environmental 

cues (e.g. , temperature ^d moy^ the-skin, muscle arid joints of a 

mammal. 

The tenn "nerve" re^ such 
that the axon of one rieurori establishes a structui^^ 
a second neuron to form a 11 synapse . " 

The term "compound" :re and -the: 

like that can be used to treat or prevent a disease; illness, sickness; or disorder of bodily 
ftinctio Compounds comprise ^ 
compound can be determiriedi to be therapeutic by 
present invention (/.e., a "test compoiuid"). A "knov^ 
therapeutic compound that has been: shoAvri (e.^ 
with administration to h 
wordsj a known th^ 

treatment or prevention of neural related disorders; 
Xcqmpoi^^ 

compound is bioavailable in the blood of til the compound may be 

administered ;fo an animal by any ^sii^d iroute ^ 

iritr^uscular, etc.) arid the compound or its active meta^ the Blood of th<5 

aniriial in an active fbm 

in delivery of bioavailable compound to the embryonic^p^ 

The "wild-type P-Myloid" or "peptide" gene arid gene product refers to the 
nucleptide arid ariiirip acid s^ and 7, respectively. 

Those skilled in the art will be well -aware that certain modifications of SEQ ID NOS:6 arid 
7 can be made which will not interfere with the production of a polypeptide having an 

■ : " . : ' ' ; 'P- i?-'t^Vv ^^5.^ 
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activity indistinguishable from 
specifically contemplates ^ 

defined ^ -an ^i acid sequence that differs by one or more am^ The variant 

may have "conse^iye" changes; wh^ structural 
5 I or chemical properties (e g. , replacement of leucine \^th i^oi^inte); More : ^^y, a: - 
variant may have "rioriconservative" Changes, 
tiyptophan. Similar minor van^ 
(/.e , additions), or both: Guictoce in de^ 

residues may be substituted, insert^ or deleted without abolishing biological 
10 ; iprnimological acUvity may be fo using (^mputer programs w 
example, DNAStar software. 

The term "an oligonucleotide sequence comprising at least a portion of a human P- 
aniyloid gene" refers to a polynucle6ti(ie sequence (/Ve; , a nucleic acid sequence) 
coritmning a nucl^ from a hiinM^ 

15 : : ma y encode a portion or all of this sequence may 

contain non-coding regions derived f^m: the p-amyloid gene or a combination of ceding : 
and non-coding regions . The oligonucleotide may be RNA or DN A and may be of 
genomic or synthetic origin. 

As used herein ^ a g^ie refers itb fragments of 

20 that gene, the fragrnpnts m^ i^ge: m gbhe ; ■ U 

sequence minus bne nucleotide.^ a|ortion of 
a gene" may comprise fegments 

An animal whose genome comprises a u liete^ 
whose genome contains a marker gene not naturally found in the ai^ genome. In one 
25 preferred embodiment of the present ihveritiori, the heterologous;^ mutant 

collagen gene v such ^ * •:■ 

, geiites >vill ^e usfed Ayiffi 
/ge^es^ 

30 : diseas^; illness, a^ 
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diagnosis, including, but not limited to assays based oh immunpreactivity (e.g., 
radioirnmiih^ enzyme inimuhoassay s); histochemistry, 

dye retention or biridihg (<?.#, fra 

diagnostic methods (e.g., identification of nucleic acid sequences associated with disease 
or pathology) j etc. 

EXPERIMENTAL 

. : The following examples axe p and further illustrate 

certain preferred embodiments:^ ^ 
construed as limiting the scope thereof 

■ In the ; exfre follows, the folio wing abbreviations a^ply : 

eq (equivalents)^ mol (moles); mmol 

(mrilimoies); junoj (micromoles); nmol (nanbmoles); g (grains); mg (milligrams); jig 
(micrograms);^ 

(centimeters); mm (miliimetere)^ • 
Centigrade); U (units), rhU (milliunits); min. (minutes); sec. (seconds); % ^erber^; kb 
(kilobase); bp (base pair); PGR (^ 
pramyloid peptide; Tri 

albumin); Fisher (Fisher Scientific/Pittsburgh, PA); Sigma (Sigma Chemical Go.^ St. 
Lpuiis^M^ 

Elmer/Applied Biosystems, Foster Gity, GA); Senetek (Seneteky PLC, Mainland Heights, 
MO); Boehringer M^^ 
; ;(Stratagene, : Inc, La jolla; GA); ,ah<i ^B (NeW^ 
otherwise indicated, the restriction enzymes used in these Examples were obtained from; 
NEB. C elegahs is available from ^ Center, at the University 

of Minnesota, St P 

Assem^ 
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In this Ex^ple, the P-(l;-42) minigene ^ 
Example 3) to 
proteins \yas 

which the muscle-specific i/aic-J^ promoter/enhkn expression of 

5 the appropriate coiding regions derived described 
by CD. Link v "Expression of 1^ 
; elegans," Proc.Natl: Acad/Sci., 92:9368-93^ 

First, a mihigene ericodirig: from ; - 

human amyloid precursor protein c^ 
- • 10 codmg sequence ^ 
priors 

( 5 f -C CGGGT AGGTGCT ' )(SEQ ID NO : 2); cleaved mth Nhel 

vector pjPD49^26 v to pipd^ 
V 15 : ; : engineering of the sig^ 

■ the consensus pf von Heijne(G. vpn Heijnei Nucl. Acids Res^, 14:4683-4690 [1986]), 
occurred immediately after the Ql^T^ dip^ide encoded by th| 7^«I -site. : 

A 146-bp fragment encoding amino acids l 42 of p-amyloid, arid which contained 
an artificial stop codon^^^ 

20 precursor protein cRNA clone p4T4B (P. Ponte HM Nature 33 1 :525;527 [1988]), by 
: ; using prii^ 

ID NO:3), ^d "P-l^ 
3')(SEQ Iti ISTO^ 
inserted betwe 

25 The signal peptide/R-( 1 -42) mihigene fragment was removed from this plasmid by 

digestion wi^^el and Saclv a^ tim^M 

pPD3038, to produce "pGM 

didebxy DNA sequencing 

sequence of pG£l^ 
30 • provided ^Figure; 3; ftigure ^ 

V.,-- = ': . .;. : . ; _ . ' : : : '■■■■■■'[ : . t[' : 02&% : . , • V V : " . : ' J ; ; 
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6 and 7, respectively) ofpGL12 : from nucleotide 1071 through 1 2 5 3: (/, e. , the (3(1-42) 
nucleic acid and amino acid 
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EXAMPLE 2 
Constnictipn :of the Reporter 

In this Ex^ple, the expression^ 
5' which drives the expression of 

subsequent experiments {See, Example 3 ) to produce trariige elegahswas 
constructed; GFPrTTi^ 

(the numbering is relative to the : s^eri^ of ife wild^ty^e (GFI^)/ ; The substitutions present 
in GFP-TT product a protein whic^re 
:. 10 fluorescence th^ 

pCL25 was cbhstriicted ^ 
containing the hsp 16^2 promoter w^ e 78,° by digestion 

with itomHI and Hindlll. This 43 1 bpi^/^ between the 

Hindlll (nucleotide #1) and 5^mHI (nucleotide #31) sites of the ^ 

15 plasmid "pGFP-TT," (available frbm Yishi Jin, at the University of California/ Santa 

Cruz), using T4 ligase (Promega). The p(3FP-TT plasmid contains the coding rejgions for 
GFP-TT inserted into a Tu61backb^/ The DN A sequence o^ (SEQ ID NO: 18) 

is shown in Figure 5. A schematic map of pGFP-TT is shown in Figure 6, in which unique 
restriction sites are shown. The pGFP-TT plasmid was digested with ///wdlll and BaMU, 

20 and the 431 bp fragment containing the hspl 6-2 promoter was inserted, in order to 

generate the stress-inducible expression vector M pCL25 ' • The DNA sequence of pCL25 ■ 

(SE^Q ID NG:9^ 

map of pCL25 in which ^ 
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Consti^ction of Transgenic Animals 

InthisExai^ 

5 expressing the M -42^M expressing ; 

the hsp/GFP reporter (designated ^ "CL^Oyb"). For both liries, ^t^ " : 

ii^pduiced into £ e/egi^ 

the gene (ro/-6[sul0 
10 ; e/ej^/w genomic D 
[Stratagen^ 

[1 990]) was coinjected with the constructs, at approximately 100 rig/jil for each plasmid, 
into morphologically wild^type animals, and Roller transgemc progeny we^^ recovered; 
The (ro/-6[su 1006]) gene (S^ pRJ^4 plasmid is amutated 

15 of which produces ddtniiiant^ distinctive 

"Roller" pheriotype. Figures 9 and 10 show the DNA and amino acid sequences bf the rot-; 
6 gene used in this Exaih^ 

Transmitting lines were established and maintained by selection for the Roller 
; m^l^ 

20 DNA as ^yextrachrbmosom array of variable mitotic and meiptic stability. 

Strains containing chfombsomd 

lines containing extrachromosomal jtransgen^ with 7000 rad ( 1 rad = 0.01 Gy)iof 
gamma rays of irradiated animsds w 

1 00% tj^smittance of the marker transgene. the transgehes in both the GL2005 and 
25 : CL2070 1 ines were bhromdsomal ly integrated, ; ^d were stable ; 
V Transgenics^ 
tr non-Roller) p^ 

transgenic progeny were found t^ good internal coM and 

30 can be detected in less than 24 hours after the upshift of ^imals from 16 to 25,5°C, at ail 
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stages of development, fk»m late e^bryonia the 
production of green fluorescence irimuscje cells; intense tissuerspeci 
was observed, the fluorescence can be observed usirig comppuhd o^ 
epifludroescehce microscopy (/. e., with standard fluorescein excitation and emission 
filters); It is also contemplated that the fluorescence is observable by use of fluoriiheters 
and cell sorters. 

- ■ EXAMPLE A - - 
Immunohistochemis try of Transgenic Animals 

In this Example; immi^ohistbchem to tonfirm the tr^mittahce of 

the chimeric constracts in large populati lines. 

As described by Link (Linky 1995, ra/?ra^ whole mount specimens were prepared 
by fixing animals in 4% p^foiroaJdehy de and perineabiliiing teiri wato 
mercaptoethanol collagenase as kno^ in the art and described by Link et (Link et al % 
Genetics 131 :867-881 [1992]). Three antibodies \yere used (polyclonal rabbit ahti-p 
peptide antibody, Boehringer Mannheim; mouse monoclonal antibody Ab 4G8 ) available 
from Senetek; and monoclonal 4.1 , a gift from B. Cordell at Scios Nova). The monoclonal 
4.1 recognizes residues 8-15 of P-peptideV 

As was observed by Link (Link, 1995 > supra) animals transgenic for the unc- ■■■ 
J4/p(l-42) minigerie construct contained^ - 

obseived;in cdnfrpi animals (/. , 
; non-frarisgenic, wild-type ;C jelegdns tested odnn^ is reported 

; tp c^ 

Natl: Acad. Sci. y ; 90:2b45r2049 :[|993]>; ps sequence does iibt^^ p- \ 

peptide domain. Thus^ 

anti-P antibody i^ed in these expen transgenic anii^is; iriMunp 

deposits accumulated in the body w y;^;,-- 

Next, to deteinnine whether the ^ uric-54/$- 
(1-42) str^ 
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strains were fixed and stained with thioflayiri S, a fluorescent amyloid-specific dye, as 
known in the art; and described by ^ 

Experieritia 48:4 0 [1992]) r Thioflavin S^reactive deposits were found in all strains 
containing the unc-54/p-(\ --4?) minigene cbns^ in control >yild-type animals. : 

5 Whole mounts of fixed dual tr^ animals stained wi^ 

(a muscle-specific probe) and anti- p peptide antibody; Muscle-specific p peptide dejposits 
were observed, and showed ^ qualitative correlation with the level of GFP expression in 
these : muscle cells (i-c-> cells that contained more P-peptide deposits were m^ 
cells with less p^peptide deposits); 
10 In addition, Congo; Red and Chrysanuhe G, two dyes known to interact with p-:: 

amyloid tod have been re 

t^ are also tested; In these 

experiments, interference with aggregation of P-peptide, or interaction with p-amyloid are 
observed. t 
15 " ' ' / ' ■: . : / ' - '- . ' ;. : :; . . 

All publications and patents mentioned in the above specification are herein 
incorporated by refe vaxi^ioris of ^ 

and system of the invention will be apparent to those skilled in the art without deipartirig 
; fro^ sipiirit of the invention. /Uthoiigh the invention 

20 connection with specific^ preferred embodiments; it should: be understood that the invention 
as claimed should not be unduly limited to such specific embodiments Indeed, various 
mod invention which are bby^ 

ffiose th6 scope 6f 

. the following claims, 
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■ CLAIMS ' 

What is claimed is; 

1 . A transparent ^im^ cpmprisihg : 
(a) a toxic transgene; 
; (b) ^ inducible prpmbtoroperably linked to a reporter gerie-wherein the 
toxic transgene induces the; promotor and wherein the expression 6^ reporter gene is 
detectable w v/va; ;: 

2. 

linked to the reporter gene is stably integrated into the genome of the animal. 



3 . The transparent animal of claim 2; wherein the inducible promotor is 
15 induced by disniption of cellular 

4. The transparent animal of claim 2, wherein the inducible promoter is a heat 
shock promoter. ■" 

20 5. Thejti^ 



; 6. The transparent animal of clairii 2, wherein said trau^parerit animal is 
selected from the dass Nematoda; -: 



?5 ^ The tr^piarent ^imal of 

\C0npr1mbditis elegans, 



--34- ; / 
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8v The transparent animal of Claim 2^ wherein said genome comprises SEQ ID 
NO:5 and SEQ ID NO:8. 

9. The transparent animal of Claim 2, wherein said re^ 
5 fluorescence protein (GFP). 

10. The transparent animal of claim 1 , further comprising a heterdlo gous gene 
. marker. ' 

11 . A method for producing a dually transgenic nqn-humah aniirial cpr^ 
• a) providing: 

i) a first and second non-human animal; and . 
i ii) a firet toxic trjansgerie; arid^\^^x 

iii) a second transgene; comprising a reporter; ; 
b) introducing said first tbxte^ 
human animal to produce a first transgenic animal , and introducing said second 
transgehe into the genom 
transgenic animal; and 

• c) mating said first ti^geriic animal with said second transgenic ahintal 
to produce a dually transgenic^ m ■ 
reporter are expressed. ; ••• ••■ : ■ HH£ '// ^ ^'''v; : W:; : - 

12. A dually transgenic hon-humari animal produced according to the method 
. . of claim 11, wherein the toxic P-peptide. 

25 . . . . ' :- r: ' : ; v. \ /- 7 A^-v ■ . : . ; 7>;- ■ ■ v" :; ': ■ 

13; A dually tr^sgeriic n the method 

of claim ^ 




...77, : "J-* 5 :- 7. 7-7': 
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14. The dually transgenic non-human animal of claim 13, wherein said non- 
human animal is a nematode. 



5 15. The dually transgenic non-hiunan animal of claim 14, wherein said 

nematode is Caenorhhbdiiis elegans 



16. The method of claim 11 ^ wherein said reporter is green fluorescent protein. 



10 17.; The dually transgenic non-human animal produced according tp the method 

of claim 1 1 , wherein said first transgene comprises pCL25. C 



18. The dually transgenic non-human animal produced according to the method 
of claim 1 1 , wherein said second transgene comprises pCL 1 2. 



19; The du^ly transgenic non-human animal produced according to the method 
of claim 11 , further comprising a heterologous marker gene. 



20v A method for testing cb^ 

20 :. •'• • ■ . : •.: . " ; : a) providing: ;:; . \- '[■■ \\, .. \ 1/^ . .v; . 

i) a dually tr^ animal expressing a toxic transgene 
and reporter gene bp^ably li^ inducible by ; the 



ii) a composition comprising a;^t^^^ form suitable for 

25 administration such that said compound is bioayailable in the cells of said non- 

humM 

b) administering said test compound to said non-hiiman animal. 
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21. The method according to claim 20 v wherein the tbx ic: tfansgene is P-peptide 
and the feporter : gene is ; GFP: ■ ,: 



22. The method 6f ^Mer comprising c) measuring a reduction in the 

fluorescence of said non-human animal^ thereby ideritifyihg a compound as 



23. The method of Claim 20, wherein said compounds inactivate said (3-peptide 

10 exi 



,'K37;;y.; : :\ 
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mixture 1 : 



uric-54 p peptide 
p rompter minigene 




DNA injection mixture 2: 




prpmpter sequence 
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DNA 

into wild/ type 
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into wild type 
animals 





Establish 
heritable line 



Establish 
heritable line 
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expression of : J; 
human #p^ptid^ 
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Fig. 2A 




Fig. 2B 




Fig. 2C 


■ ■ . ■ 


Fig. 2D 




Fig. 2E 




Fig. 2F 




Fig. 2G 




Fig. 2H 




Fig. 21 




Fig. 2J 


• ; ;- : ;-::,; : .A 


Fig. 2K 


/ 


Fig. 2L 




Fig. 2M 




Fig^2N 












: Si! W 












: :/Fig.;2T:' : 
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